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Review  of  Literature  and  Introduction 


Thia  investigation  was  initiated  with  two  primary  objec- 
tives! 

1.  Improvement  in  the  methods  of  preparation  of  alpha,  omega- 
aminoalcohols. 

2»  A continuation  of  the  research  of  the  organic  laboratories  of 
the  University  of  Florida  upon  various  cyclic  amines* 

Alpha,  omega-aminoelcohols  are  those  in  which  the  amine 
group  is  on  one  end  of  a carbon  chain  and  the  alcohol  group  on  tie 
other.  They  may  be  represented  by  the  general  formula, 

^N.(CH2)n.0Ii 

R' 

where  A end  a'  are  hydrogen  atoms  or  alkyl  groups,  and  n is  an  integer. 
The  term  'alpha,  omega-aminoalcohol'  might  possibly  include  compounds 
in  which  the  carbon  chain  is  branched,  but  the  author  has  found  no 
example  of  this.  In  this  dissertation,  the  term  is  used  for  straight 
carbon  chains  only.  The  research  was  limited  to  compounds  where  n. was 
four  through  ten. 

A review  of  the  literature  has  shown  that  a nanoer  of 
ethanol  and  propanol  amines  have  bean  made  and  studied.  These  have 
generally  been  made  from  reaction  of  the  appropriate  saine  with  ethyl- 
ene or  trimethylene  ohlorohydrin,  or  with  the  corresponding  oxides. 

The  work  has  undoubtedly  b en  stimulated  by  the  availability  of  these 
reagents.  The  interest  in  preparing  analogs  of  novocains,  which  is  an 
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ester  of  beta-diethylaminoethanol,  has  also  been  a factor. 

Higher  members  of  the  alpha,  omega  series,  beginning  with 
the  delta-butanolamines  are  rarer.  Von  Braun-*  was  among  the  first  to 
report  syntheses  of  alpha,  omega-aniinoelcohols.  He  reacted  a secondary 
amine  with  an  omega-bromoalkylester  and  hydrolysed  the  ester! 

2HjNH  Br(OH2)riOCOCftH?  > .^(CHg^OCOCgH,.  + R^NH.HBr 

.^(CH^OCOCaH^  + H20  > R2N(CH2)nOH  ~h  C^COOH 

kagidson  and  Strukov4,  in  their  preparation  of  8-amino- 
quinoline  derivatives  for  study  as  antimalarials,  prepared  4-diethyl- 
aminobutanol  and  5-diethyla«inopentanol  by  malonio  ester  syntheses  from 
diethylaminoethyl  chloride  and  diethylaminopropyl  chloride. 

One  of  the  most  direct  syntheses  of  alpha,  omega-amino- 
alcohols  was  reported  in  a British  patent  granted  to  Pynan  and  Levene.^ 
A secondary  amine  was  reacted  with  a chlorohydrin : 


s. 


+ G l-(CH2)r-OH 


a*  h a* 

H-(ch2)w-oh  —-■■■>■  \-(CH,)„-0H 

r ji 


2'n 


The  patent  also  includes  the  reduction  of  omega-amino  carboxylic  acid 
esters  with  sodium  and  alcohol. 
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For  the  compounds  claimed  In  ths  patent,  the  amino  group 

* 

was  a dialkyl  or  piperidyl  residue,  and  & was  seven  through  eleven. 

.dkins  and  co-workers  have  reported  syntheses  of  amino- 

alcohols  by  catalytic  methods  in  recent  years.  Adkins,  Kuick,  Farlow, 

7 20 

andVojcik"  prepared  5-pip«ridinopentanol-l  and  4-piperidinobutanol-l 
by  catalytic  hydrogenation  of  ethyl  gamiia-piperidinobutyrate  and  ethyl 
delta-piperidinovalerats.  Paden  and  Adkins  ' ^ reported  5*pip«ridino- 
pentanol-1  by  catalytic  hydrogenation  of  di-N-pentamethylene  glutar- 
amide,  and  4-phenethylamino-butanol-l  from  the  catalysed  reaction  of 
phenethylamine  and  butanediol-1,4.  Sauer  and  Adkins^  obtained  good 
yields  of  *-piperidinobutanol-l  and  6-piperidinohexanol-l  by  catalytic 
hydrogenation  of  alpha,  omega-amidoesters. 

In  the  work  reported  here,  the  synthesis  of  alpha,  omega- 
aminoalcohols  of  four  through  ten  carbon  atoms  was  accomplished  in  two 
ways: 

1.  By  reaction  of  an  amine  with  alpha,  omega-chlorohydrins^. 

2.  By  reaction  of  an  amine  with  alpha,  omega-glycols  in  the 

presence  of  copper  chromium  oxide  catalyst,  using  the  method  of  /.dkins 
8 XO 

and  co-worker 8 * . 

Two  secondary  amines,  morpholine  and  N-phenylpipera* ine 

were  used. 
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morpholine  has  the  structure: 

0HrCH2 

0 ^N-H 

It  was  discovered  by  Knorr  in  1889,  but  was  not  coomieroially  avail- 
able until  19351^*  Morpholine  is  an  excellent  solvent;  compared  with 
common  solvents,  its  solvent  power  is  greater  than  dioxane  which  is 
greater  than  pyridine  which  is  greater  than  benzene.  The  many  ref- 
erences in  recent  literature  to  morpholine  indicate  a wide-spread 
interest  in  it. 

The  only  morpholinoalcohols  which  appear  to  have  been 
prepared  previous  to  the  present  research  are  beta-raorpholinoethanol 
and  gamma-morpholinopropanol.  Some  derivatives  of  theae^’^  have 
been  found  to  have  good  anesthetic  qualities. 

N-Phenylpiperaz ine  was  first  prepared  by  Prolog  and 
Dr it a in  1933***  It  was  independently  synthesized  in  the  Organic 
Chemistry  Laboratories  of  the  University  of  Florida  by  Pollard  and 
MaoDowell  in  1934^”*.  It  has  the  structure: 
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The  only  alcohol  derivative  reported  is  N-phenyl,N'» 
(beta-hydroxyethyl)-pipera* ine1^*1?.  Its  derivatives  are  reported  to 
have  anesthetic  qualities1?. 

The  limited  investigation  of  alpha, oraega-aoinoalcohols 
with  a carbon  chain  of  four  or  more  atoms  may  be  ascribed  to  two 
factors:  First,  the  intermediates  necessary  in  the  preparation  are 

not  easy  to  obtain,  Second,  various  workers  **  in  the  field  of  phys- 
iologically active  compounds  have  concluded  that  lengthening  the 
caroon  chain  in  omega-amino  derivatives  decreases  the  desirable 
properties.  There  is  limited  contrary  evidence^.  Kagidson  and 
Strukov*,  in  their  investigations  of  derivatives  of  8-aminoquino- 
line,  found  an  alternating  therapeutic  effect  upon  increasing  the 
length  of  the  diethylaminoalkyl  chain.  It  is  evident  that  data  on  the 
subject  is  insufficient. 

It  seems  reasonable  that  a pharmocological  investigation 
of  derivatives  of  the  two  series  of  alpha,  omega-eminoalcohols  reported 
in  this  disssrtation  would  furnish  worthwhile  data.  Further,  the  der- 
ivatives reported  herein  are  urethans.  It  has  been  found1^’1^  that 
urethans  make  good  anesthetics. 
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Discussion  of  Methods  and  Experimental  Prooedures 


The  general  procedure  in  preparation  of  the  alpha,  omega- 
glycols  used  was  to  start  with  a dibasic  acid,  make  the  dibutyl  ester 
and  hydrogenate  under  high  pressure  at  250°  with  a copper-chromium 
oxide  catalyst ^ by  the  method  of  Adkins  and  co-worker #22, 23*24, 25 } 


COOH 

(CH2)n 

COOH 


From  the  glycols,  -foe  alpha,  omega-morpholinoaloohols 
were  made  by  two  methods* 

(I)  By  direct  reaction  with  morpholine  by  the  method  of  Adkins 

^ . 27.28 

and  co-workers  • 

(II)  3y  converting  the  glycols  to  chlorohydrins  and  reacting 
these  with  morpholine. 


£ 


•OH 


(GH2)b  + H-N 


1I2-0H 


A 


\}H2-CH2/// 


OHjrCHo 

ch2-V  \ 

,0  J2V  (CH2)n  ®2-CH2' 


CHjj-OH 


h2o 
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The  N-phenyl,N'*(omega-hydroxyalkyl)-piper&zines  were  made 


by  the  ohlorohydrin  method  only. 

These  methods  will  be  discussed  separately. 
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The  Diroot  Alkylation  Method 


This  method  is  based  upon  the  discovery  by  Paden  and 
27 

Adkins  1 that  amines  can  be  alkylated  by  reacting  them  with  glycols 
in  the  presence  of  copper-chromium  oxide  (and  hydrogen,  presumably 
only  as  an  inert  atmosphere).  They  were  primarily  interested  in 
synthesizing  pyrrolidines,  piperidines,  and  hexahydroazepines  from 
tetramethylene,  pentaoethylene,  and  hexamethylene  glycols  with  the 
primary  amines  phenethyl,  benzyl  and  n-amylt 

OH 

I 

(CH2)„  4-  HgN-a  > (CH2)n-N-il 

OH 

where  n is  4,5,  or  6,  and  R is  phenethyl,  benzyl,  or  n-amyl.  By 
carrying  out  the  reaction  at  250°C  for  one  hour  in  600-300  cc. 
dioxane  per  mole,  with  30-60  g.  copper-chromium  oxide  per  mole,  and 
using  the  amine  and  glycol  in  mole-for-mole  ratio,  they  obtained  good 
yields  of  the  desired  cyclic  amines.  Under  these  conditions,  they  got 
no  amino alcohol. 

They  report,  however,  one  experiment  in  which  butanediol- 
1,4  was  reacted  with  phenethyl  amine  at  200®  (instead  of  250°)  for  half 
an  hour  (instead  of  one  hour).  Their  results  may  be  indicated  graph- 
ic ally » 
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» 


ch2-gh2 

\.ch,.cV<3 
CH2-GH2  1 7 7o 

HC-CH2-GH2-CH2-CH2»N-CH2-CH2-^  > -f-  43$  unchanged  amine  and  glycol 

35  7.  N 

The  authors  atat®  "No  more  experiments  along  this  line  were 

carried  out,  but  it  is  quite  possible  that  by  modifying  the  conditions, 

(a) 

higher  yields  of  aminoalcohols  of  this  type  might  be  obtained". 

Upon  the  evidence  of  this  one  experiment,  it  was  decided  to 
attempt  to  prepare  morpholinoalcohols  by  catalytic  alkylation.  Such  a 
synthesis  has  the  advantage  of  being  one  step  shorter  than  the  chloro- 
hydrin  method. 

The  first  experiment  was  as  follows. 

First  Attempt  to  Prepare  10-korpholinodecanol  by  Alkylation 

Five-tenths  mole  (87  g.)  of  decamethylene  glycol,  0.5 

mole  of  morpholine  (43*5  g.),  300  cc.  redistilled  dioxane,  and  30  g» 

26 

copper-chromium  oxide  catalyst  were  put  in  the  bomb,  heated  to  250° 
(without  hydrogen),  shaken  two  hours.  At  the  end  of  this  time,  the 
shaking  was  stopped  and  the  heat  cut  off.  Upon  cooling,  the  bomb  was 

opened  and  the  catalyst  filtered  off  with  the  use  of  a filter  aid.  The 
dioxane  was  distilled  off  through  column  £^^.  The  boiling  point  was 

(a)  Reference  27,  page  2492. 

(b)  Column  £ is  30  cm.  long  by  1.5  cm.  diameter  (inside),  has  a total 


JH2-CH2-OH 

CHg-CHg-OH 


^/N-CH2-CH2« 
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90-103°»  indicating  the  presence  of  water. 

A small  amount  of  remaining  dioxane  and  morpholine  was 
removed  at  the  water  pump,  and  the  remainder  was  fractionated  at  2 am.. 
Fractions  obtained: 

1.  B.  P.  137-147 » mostly  143-144°.  Weight  51.6  g.  Solidified 
on  cooling. 

2.  B.  P.  146-161°.  Weight  18 . 7 g*  Solidified  on  cooling. 

3.  B.  P.  161°  for  a few  drops,  then  the  temperature  began  fall- 
ing. Distillation  was  cut  off.  -eight  of  fraction,  1.8  g. , 11.  P. 
35*40°.  Probably  10-morpholinodecanol-l.  (Pure  10-mcrpholinodecanol-l 
as  prepared  by  the  ohlorohydrin  method  had  B.  P.  163-4°  (uncorr.), 

M.  P.  39. 5-40. 5°.  Decamethylene  glycol  boils  at  153-4°  at  3 mm..) 

A small  amount  of  residue  in  the  distillation  flask  also  appeared  to  be 
10-morpholinodecanol-l.  Fractions  i and  £ were  apparently  mostly  recov- 
ered glycol. 

Thus,  there  was  only  a small  amount  of  alkylation  in  this 

experiment . 


It  was  decided  to  repeat,  using  a longer  time  for  alkyl- 
ation. It  was  also  decided  to  carry  out  the  reaction  under  hydrogen 
pressure  as  did  Adkins  aid  Paden,  although  there  seems  to  be  no  theo- 
retical reason  for  hydrogen  to  be  present. 

(b)  cont’d.  condensation  type  head,  is  air- jacketed  with  a spiral 
heating  coil.  It  is  packed  with  5 by  5 mm.  Haaohing  rings. 
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Second  Attempt  to  Prepare  10-Morpholinodeoanol-l  by  Alkylation 


Four-tenths  mole  (70  g. ) decamethylene  glycol,  0.4  mole 
(3^.8  g. ) morpholine,  300  cc.  dioxane,  40  g.  copper-chromium  oxide 
catalyst  (32  g.  of  which  had  been  previously  used  in  an  ester  reduc- 


tion)  were  reacted  under  1,500  lbs.  per 

square  inch  of  hydrogen  for  6 

hours  at  240-255°C. 

The  products  were 

fractionated  as 

before  at  2 mm. 

pressure.  Fractions 

obtained : 

B.  P. 

M.  P. 

g»ight 

1. 

135-143-5-160° 

25.0  g. 

2. 

158-63 

6.2 

3. 

163-5 

34-7° 

20.6 

4. 

165-85 

14.4 

5. 

165-7 

♦3-7 

Total  weight  82.1  g. 

This  was  fQ%  of  the  weight  of  the  starting  material.  It  is  estimated 
that  the  remaining  22%  is  accounted  for  aa  losses  in  the  column,  residue, 
and  losses  in  handling,  (in  subsequent  preparations,  a higher  percent- 
age of  material  was  recovered.) 

The  yields,  based  on  the  glycol  used,  were: 

20  6 

Fraction  2,  =•  21^  of  pure  amino  alcohol, 

u.  e x <143 

Fraction  5,  = 13/t  of  pure  diamine. 

Here,  it  was  decided  to  vary  the  conditions  on  the  remain- 
ing six  glycols  forth©  purpose  of  increasing  the  yield  of  pure  amino- 
alcohol.  Since  the  amine  used  was  a secondary  amine,  only  two  products 
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ware  possible  without  breaking  the  morpholine  ring,  or  without  hydro- 
genolyaie  of  the  glycol.  Under  the  conditiona  used,  such  wide  reactions 
would  be  unlikely.  Thus  the  reactions  to  be  expected  aret 

1.  Morpholine  -h  Glycol  ■—->»  Morpholinoalcohol  -f-  ater 
2.  2 x Morpholine  -h  Glycol  — - Dimorp  ho  lino  alkane  f 2 x Water 

Comparing  with  the  time  of  reaction  (l/2  hour)  used  by 
Adkins  and  Pad en27  for  a primary  amine  and  glycol,  it  would  ssem  that 
the  six  hours  time  of  reaction  used  in  the  second  10-morpholinodecanol-l 
preparation  above  is  ample  for  a complete  reaction,  even  though  the 
quality  of  the  catalyst  used  might  be  poor.  Results  show  that  this 
time  is  sufficient,  as  little  unreacted  morpholine  was  recovered  in 
this  and  subsequent  preparations.  This  constant  time  factor  of  six 
hours  was  used  in  all  experiments. 

Likewise,  it  would  seem  that  increasing  the  proportion  of 
catalyst  used  would  have  little  effect,  so  this  factor  was  kept  con- 
stant also.  Assuming  variation  in  the  amount  of  dioxen e (used  as  a 
solvent  and  diluent  for  the  water  formed)  would  have  little  effect, 
then  only  two  major  factors  remain  to  be  c oneidered  - temperature  and 
proportion  of  reactants  used.  Since  only  enough  of  each  glycol  was  on 
hand  for  one  run,  it  was  decided  to  keep  one  of  these  variables  constant 
for  the  aeries.  The  temperature  was  kept  constant  and  the  proportion 
of  morpholine  to  glycol  was  varied. 

The  experimental  runs  were  carried  out  essentially  in  the 
same  manner  as  the  second  alkylation  experiment  above.  Results  are 
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summarized  in  TABUS  17.  Best  yields  of  pure  morpholinoalcohol  vers 
obtained  when  a 2%  excess  of  morpholine  was  used.  When  a mclr-for- 
mole  experiment  was  conducted,  as  in  the  case  of  hexamethylene  glycol 
plus  morpholine  ana  the  case  of  became thyloue  glycol  plus  morpholine, 
the  yielde  of  both  sminoalcohol  and  diamine  were  low;  when  a $0%  excess 
of  morpholine  was  used,  as  in  the  case  of  octamethylene  glycol  plus 
morpholine,  the  diamine  was  obtained  in  the  larger  yield. 

Use  of  a 25%  excess  of  morpholine  gave  higher  yields  of 
pure  eminoalcohol  in  three  cases:  with  tetraoethylone  glycol,  penta- 

methylone  glycol  end  nonamethylene  glycol.  In  the  fourth  case,  with 
heptamethylene  glycol,  the  yield  of  pure  diamine  was  greater. 

In  each  case,  some  unreacted  glycol  was  recovered,  but  no 
attempt  wos  made  to  obtain  it  pure.  The  presence  of  glycol  in  the 
first  fraction  in  each  case  was  indicated  by  the  boiling  point  range 
of  this  fraction. 

To  gst  a rough  idea  of  the  actual  percentages  of  glycol, 
aminoalcohol,  and  diamine  present  after  the  reaction  is  complete, 
estimates  of  the  constitution  of  the  intermediate  fractions  were  made 
for  the  case  of  nonamethylene  glycol  plus  morpholine. 

In  the  experiment,  11/32  mole  (55  g»)  of 
i 1/4  x H/32  mole  (37«4  g. ) of  morpholine,  250  oc . dioxane,  and  11  g. 
copper-chromium  oxide  catalyet  were  heated  six  hours  at  240-260®,  with 
shaking.  The  products  were  treated  ae  previously  described,  with  final 


fractionation  through  column  B^. 

Fractions 

obtained  at  5 mm.  pressure: 

B.  P. 

Weight 

Refractive  Index 

1. 

150.0-174.5 

12.7 

2. 

174.5-17 6.5 

21.7 

Hfj4  1.4741 

3- 

176.5-176.5 

8.3 

1.4751 

(On  changing  receiving  flasks,  the  temperature  rose  to  197*5°) 

4.  197.5-202.5  5.1  Ng4*2  1.4783 

5.  203.0-204.0  24.0  Kfj4*7  1.4790 


Percent  yields,  based  on  glycol  used!  For  9-morpholinononanol-l, 
fraction  £ plus  fraction  £ equals  38.1$;  for  1,9-dimorpholinononane, 
fractions  £ plus  £ equals  28.4$.  Assuming  10  g.  of  fraction  £ *8 
glycol  (the  material  mostly  solidified),  then  the  percent  recovery 
of  glycol  is  15.2$.  The  remaining  2.7  g.  in  fraction  £ must  be 
considered  aminoalcohol,  and  would  represent  3.4$,  making  the  total 
yield  of  aminoalcohol  38.1$  plus  3,4$  equals  41.5)1.  Thus  the  total 
distilled  material  would  be  41.5$  plus  15.2$  plus  24.8$  or  85$.  Assum- 
ing the  unaccounted  for  materiel  (about  10  g.)  was  the  residue  in  the 
column  and  distilling  flask,  arid  was  diamine,  then  the  estimated  diamine 
formed  is  28.4$  plus  12$  or  40.4$.  Roughly  then,  the  reaction  product 
is  composed  of  41.5$  9-morpholinonononol-l,  40.4$  of  1,9-dimorpholino- 
nonane,  and  18.2$  of  unreacted  glycol. 

(a)  Column  B,  was  29  inches  long,  1 1/4  inches  inside  diameter,  has  a 
total  condensation  type  heed,  and  an  eir  jacket  heated  by  a nichrome 
spiral.  It  was  packed  with  6 x6  mm.  pieces  of  glass  tubing. 
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It  will  be  noted  that  approximately  equal  molecular  pro* 
portions  of  aminoalcohol  and  diamine  were  obtained.  Similar  estimations 
of  the  composition  of  intermediate  fractions  for  the  second  10-morpho- 
linoaecanol-1  preparation,  which  was  discussed  on  p.  11,  indicate  that 
equal  yields  of  about  3 0 % amino  alcohol  and  30/*  diamine  were  formed  there. 
In  the  case  of  hexamethylene  glycol  plus  morpholine,  in  which  a mole* 
per-mole  ratio  was  used,  like  calculation  gives  A0%  glycol  recovered, 

30^  6-mor pholinohexanol-1 , and  30'  l,6*diaiorpholinohexenej  again  equi* 
molecular  proportions  of  aminoalcohol  and  diamine  were  obtained. 

In  the  case  of  octamethylene  glycol,  estimation  from  the 
intermediate  fractions  give  lljt  glycol  recovered,  34/C  8-oorpholino* 
octunol-1,  and  46^  1,8-dimorpholinoootane.  In  this  experiment  1.5 
moles  of  morpholine  per  mole  of  glycol  was  used.  There  was  one 
particular  feature  about  this  reaction  • the  temperature  was  allowed 
to  rise  accidently  from  240°  to  307°  during  the  last  hour  of  reaction. 
Bain  has  recently  discovered  that  at  27 5°,  cyclohexylamine  can  be 
hydrolysed  to  cyclohexanol.  The  presence  of  glycol  in  the  reaction 
products  here  could  be  explained  by  assuming  such  a reaction,  which 
would  be  a reversal  of  the  alkylation  process,  dn  incomplete  alkyl- 
ation must  also  be  considered  as  a possibility. 

Excluding  the  latter  experiment,  which  was  irregular, 
it  is  seen  that  approximately  equal  molecular  proportions  of  amino* 

(a)  Unpublished  work.  Organic  Chemistry  Laboratories,  University  of 
Florida. 
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alcohol  and  diamino  wore  obtained  in  all  the  experiments,  regardless 
of  whether  one  mole  or  one  and  a quarter  moles  of  amine  were  used  for 
each  mole  of  glycol.  If  this  were  found  to  be  true  for  other  pro* 
portions  of  amine,  it  would  indeed  be  interesting.  At  the  present 
time,  there  is  insufficient  data  to  draw  any  conclusions  as  to  the 
mechanism  of  the  reaction.  One  might  guess  that  the  reactions, 

Glycol  + Amine  ■ > Aminoalcohol  -f- Water 

Aminoalcohol  -f-  Amine  Diamine  -j-  Water 

would  be  consecutive  second  order  reactions,  but  it  is  hard  to  see 
how  equal  amounts  of  aminoaloohol  and  diamine  would  be  formed  in 
every  case,  unless  the  reactions  ore  reversible,  and  thus  attain 
an  equilibrium.  The  results  of  the  experiment  with  octamethylene 
glycol  (p.  15)  indicate  in  themsolvea  that  the  reaction  might  be 
reversible.  Ia  theorizing,  one  oust  also  consider  other  possible 
types  of  reactions  which  might  explain  the  results  - for  instance, 
the  possibility  of  simultaneous  reactions  is  to  be  considered. 

In  retrospect,  it  is  seen  in  this  eecticn  of  the  disser- 
tation  that  morphclinoalcohols  may  be  satisfactorily  prepared  by 
catalytic  alkylation  of  morpholine  with  glycols.  Preparation  of 
larger  batches  of  material  should  result  in  higher  yields  of  pure 
products,  as  there  would  be  less  loss  in  intermediate  fractions  upon 
distillation.  Sfficient  fractionating  columns  are  necessary  for 
good  yields.  Indications  are  that  the  aminoalcohol  end  diamine  are 
obtained  in  essentially  equal  yields,  so  probably  not  over  a 50% 
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yield  of  aminoalcohol  nay  bo  obtained  by  the  alkylation  method. 

It  is  concluded  that  more  experimentation  should  be 
done  to  determine  the  best  conditions  for  synthesis  of  aminoalco- 
hols  by  alkylation  of  amines  with  glycols.  Not  enough  experimental 
facte  have  been  obtained  for  the  formulation  of  theories  of  the 
alkylation  reaction. 
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The  Chlorohydrin  Method 


The  general  reaction  for  preparation  of  alpha,  omega- 
aminoaleohole  from  alpha,  omega-chlorohydrin8  let 


where  the  R'a  are  alkyl  groups.  The  procedure  generally  used  is  to 


However,  if  two  moles  of  amine  and  a solvent  are  used,  a solid  amine 
hydrochloride  is  formed,  aid  may  be  filtered  off  from  the  aminoalcohol 


After  some  experimentation,  a regular  procedure  was 
adopted  for  the  present  research.  Two  moles  of  amine  were  used  for 
each  mole  of  chlorohydrin.  The  main  purpose  of  this  procedure  was  to 
insure  complete  reaction.  It  was  found  that  heating  for  five  hours  on 
the  water  oath  was  sufficient.  The  product  was  then  treated  with 
potassium  carbonate,  ana  tne  a.inoalcohol  appropriately  purified.  Sam- 
ple procedures  are  gLven  at  the  end  of  this  section. 

The  chlorohydrin  method  was  found  to  give  almost  quantita- 


HO-(CH2)n-Cl -f- 


tive  crude  yields  in  every  case  except  when  tetramethylene  and  pentameth- 
ylene  chlorohydrins  were  used.  In  tiese  cases,  side  reactions  reduced 


yields.  In  the  preparation  of  4-morpholinobutanol-l,  for  example, 
a crude  yield  of  T2%  was  obtained.  Tetramethylene  oxide  was  identi- 
fied among  the  reaction  products  oy  boiling  point  and  odor.  Kwidently 
the  following  side  reaction  tood  place: 


identified.  A crude  yield  of  64)J  was  obtained.  The  low  yield  could 
be  accounted  for  in  part  at  least  by  a poor  ether  extraction,  as  the 
aminoalcohol  is  appreciably  soluble  in  water,  iiwidence  to  support  this 
is  found  in  the  preparation  of  N-phenyl,N*-(5-hyaroxypentyl)  piperazine. 
A crude  yield  of  65%  was  obtained. 


linoheptanol-1  were  made  by  this  method.  The  physical  and  analytical 
data  for  the  morpholinoalcohols  is  recorded  in  Tables  I and  II;  for 
the  N-phenylpiperazine  series,  in  Table  VII.  Tables  V and  VI  contain 
data  on  the  di. orpholinoalkanes  obtained  as  by-produots  in  the  prepar- 
ation of  morpholinoalcohols  by  catalytic  alkylation  of  morpholine. 


CHj-CHg-Cl 


In  the  5~roorpholiiiopentanol-l  preparation,  no  oxide  was 


All  of  the  amlnoalcohoie  herein  reported  except  7-oorp  io- 
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SAiiPLE  PROCEDURES 


Preparation  of  fl-Korpholinooctenol-l 

0.15  mole  (25  g.)  of  Cl-(CH2)8-OH  end  0.30  mole  (26.5  g.) 
morpholine  were  refluxed  gently  for  5 hours.  The  product  solidified 
on  cooling.  4-0  cc.  of  5 V K2C0^  (0.20  mole)  was  added  and  all  was 
heated.  A brown  liquid  layer  separated  on  top  end  was  separated  with 
a separatory  funnel.  Enough  was  added  to  the  lower  layer  to  diss- 
olve all  salts.  It  was  then  extracted  three  times  with  ether,  and  the 
extracts  were  added  to  the  previously  separated  layer.  The  liquid  was 
then  dried  a while  over  solid  K2C03>  poured  off,  and  distilled  through 
column  £ at  5 am.  after  the  ether  was  distilled  off.  *ftor  a small 

first  fraction  of  3 g«»  one  main  fraction,  B.  P.  163-163.2°  (uncorr), 

26.5 

weight  29.1  g.,  was  collected.  The  yield  was  90J&.  ND  1.4738 
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Preparation  of  N-^,N,-(5-Hydroxypentyi)  Piperazine 


0.20  mole  (24.5  g.)  G1-(CHj)5-0H  was  heated  5 hours  on  the 
water  bath  with  0.40  mole  (64. d g.)  of  N-^-piperaz ine . The  product  was 
a reddish-brown  solid  on  cooling.  42  cc . of  5 il  K2CO3  (0.21  mole  K2CO3) 
was  added  end  heating  resumed,  with  shaking.  A dark  brown  liquid  separa- 
ted out  above  the  carbonate  layer.  This  solidified  on  cooling,  and  was 
separated  aid  washed  with  water.  It  was  then  recryetallized  from  300  cc. 
of  ethyl  alcohol.  White  crystals,  re  It  in  g 73-5°,  were  obtained.  These 
were  dried  overnight  in  a vacuum  desiccator  over  fused  KOH.  *t.  42.2  g. 
(8 5%  of  the  theoretical).  The  material  was  recrystallized  from  ligroin 
(B.  P.  70-100°).  H.  P.  74.5-76.50.  decry etalliz ed  again,  M.  P.  75.7- 
76.3°.  Dried  in  vacuum  desiccator  (over  KOU)  to  a constant  weight. 
Weight,  33  g- 
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Purification  of  Compounds 


The  mor pholinoalcohols  wore  all  purified  by  vacuum  distil- 
lation. The  (omega-hydro xyalkyl)  piptjrazines  were  all  purified  by 

first  reerystallizing  from  50%  alcohol  and  drying,  and  finally  recrystal- 
lising  from  ligroin  (3.  P.  70-100°)  repeatedly  until  the  salting  point 
range  was  1.5°  or  less.  Generally  two  or  three  recrystallizations  were 
sufficient. 

Preparation  of  Derivatives 

Derivatives  first  chosen  for  the  eorpholinoalcohols  were 
the  alpha-naphthyl  urethanes.  However,  several  of  these  could  be  obtained 
only  as  oils,  so  ^he  phenyl  uret lanes  were  made  in  these  oases. 

In  the  H-jZfjH'-toitega-hydroxjalkyl)  piperazine  series,  all  of 
the  derivatives  made  were  phenyl  urethanes. 

Data  on  derivatives  is  recorded  in  Tables  III  and  Till. 

Characterization  of  Compounds 

Nitrogen  analyses  were  run  on  all  thirty-five  new  compounds 
prepared.  Neutral  equivalents  were  obtained  for  the  fourteen  new  amino- 
alco  :ols  and  the  seven  new  diamines  using  methyl  orenge  indicator  with 
a color  standard  buffered  to  a pH  of  four.  Densities  end  refractive 
indices  of  the  eight  liquids  obtained  were  taken.  The  molecular  refrac- 
tions were  calculated  tnd  checked  with  he  sums  of  the  atomic  refrac- 
tions. 
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SAMPLS  DSHI7ATTVS  PTC  PAW  ION 


Preparation  of  N-j7, N'-(  10-Hydro xydecyl)  Piperazine 

0.02  mole  (6.4  g.)  of  the  cm ino&loohol  was  dissolved  in  hot 
ligroin  (B.  P , 70-100°)  and  0.02  mole  (2.4  g.)  of  phenyl  isocyanate 
dissolved  in  ligroin  was  added.  The  solution  was  heated  awhile,  ihon 
filtered  and  allowed  to  cool,  ihite  crystals  separated.  These  were 
filtered  off  and  recrystallized  from  ligroin.  The  IS.  P.  was  then  be- 
tween 91-95°*  A.  second  recrystallization  gave  a M.  P.  95-96°.  The  com- 
pound was  dried  to  constant  weight  and  oottled. 
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Preparation  of  Intermediates 


The  alpha,  omega-dibasic  acids  required  for  this  invest- 
gation  were  succinic,  glutaric,  adipic,  pimelic,  suberic,  azelaic,  anl 
sebacic.  Of  these,  succinic,  adipic  and  sebacic  were  purchased.  Glu- 
taric acid  was  prepared  from  trimethylene  bromide^: 


F 

f 

OOOH 

ch2 

ft 

ch2 

ch2 

ch2 

<Jh2 

ch2 

Br 

ON 

COOH 

Pimelic  acid  was  the  most  difficult  to  prepare  in  quantity* 
It  was  synthesized  in  the  usual  way  from  salicylic  acid^.  Kr.  L.  J. 
Kitchen  also  prepared  some  for  the  author  by  a malonic  ester  synthesis 
from  trimethylene  bromide* 

Suberic  end  azelaic  acids  were  obtained  by  nitric  acid 
oxidation  of  ricinoleic  acid,  following  the  procedure  of  Baker  and 
Ingold^, 

The  butyl  eaters  of  all  seven  acids  were  made  by  reflux- 
ing with  butanol  under  a column  with  a special  esterification  head. 

This  was  designed  by  Mr.  J.  P.  Bain  of  this  laboratory  for  the  purpose 
of  removing  water  as  it  is  formed.  It  was  similar  to  a colusm  reported 
by  Doran^.  With  use  of  this  equipment,  the  yields  of  ester  were  almost 
quantitative.  Boiling  points  of  the  esters  are  recorded  in  Table  IX. 
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Alpha,  omega-glycols  were  obtained  from  the  butyl  esters  by 
catalytic  hydrogenation  at  high  pressures  and  temperature,  using  the 
method  of  Adkins  and  co-workers  ‘^*‘^#24,25^  ^.bout  30  grams  of  copper- 
chromium  oxiae  catalyst  per  mole  of  ester  was  used.  Hydrogen  pressure 
was  maintained  at  2,000  - 6,000  pounds  per  square  inch,  and  the  tempera- 
ture was  kept  oetween  240-2/0°  during  the  reduction.  The  time  of  reduc- 
tion varied  from  two  to  eight  hours,  depending  mainly  upon  the  quality 
of  catalyst  used.  Shaking  of  the  bomb  was  continued  until  the  gauge 
indicated  that  hydrogen  absorption  had  stopped.  Upon  cooling,  the  bomb 
was  opened  and  the  catalyst  filtered  off,  preferably  with  a filter  aid 
such  as  Johns-l ansville'e  "Hyflow  Supercel".  The  butanol  was  distilled 
off  at  atmospheric  pressure,  or  with  the  use  of  an  aspirator.  Finally, 
the  remaining  product  was  fractionated  through  a column  at  reduced  pres- 
sure. Yields  of  pure  material  were  generally  eoout  8o£.  Data  on  the  ; ly- 
col8  is  recorded  in  Table  <•  They  have  all  been  prepared  previously,  and 
are  fully  reported  in  the  literature. 

Alpha,  omega-chlorohydrina,  of  general  formula  Cl- (CH2)„-0H, 
were  prepared  directly  from  the  glycols,  tfhere  n.  was  4 and  5,  Darien’s 
reaction  wa3  used,  following  the  procedure  of  Kirner  and  Hichter.^ 
Thionyl  chloride  is  the  reagent: 

H0-(CH?)n-0It  -f-  3001  ^ > Jl-(CH2)n-0ii  ~h  80  2 -f-  HOI 

Satisfactory  yields  of  35  and  33^  respectively  were  ooiained.  «hsre 
n.  was  6, 7,  d,  9,  aid  10,  the  asi,bod  j)/  den  nett  and  loses*^  was  found 
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to  be  best.  The  glycol  was  heated  to  70°  in  the  presence  of  a large 
excess  of  concentrated  hydrochloric  acid,  and  was  continuously  extracted 
with  heptane  (3.  P.  95-100°).  At  this  temperature,  50  hours  extraction 
gave  yields  of  around  6 5%  of  pure  chlorohyurin,  agreeing  with  yields 
obtained  by  Bennett  aai  Loses.  The  literature  has  few  references  to 
alpha,  OBiega-chlorohydrins.  The  physical  data  obtained  in  this  inves- 
tigation indicate  that  the  chlorohydrins  were  purer  than  those  obtained 
by  3ennett  and  Moses.  Probably  better  fractionating  columns  were  used 
here.  Data  obtained  here  is  recorded  in  Table  XI  end  Figure  II;  data 
found  in  literature  is  in  Taule  XII. 

In  this  investigation,  derivatives  of  four  chlorohydrins 
were  made  for  comparison  with  those  in  the  litorature.  Melting  points 
of  the  alpha-naphthyl  urethane  of  pentaoethylune  chlorohydrin,  the 
phenyl  urethane  of  octau. ethylene  chlorohydrin,  anu  the  alpha-naphthyl 
urethane  of  tetramethylene  culorohydrin  agree  with  values  recorded  in 
the  1-terature.  The  phenyl  urethane  of  nonametnylene  chlorohydrin 
melted  3°  higher  lhan  recorded  in  literature.  Also  prepared  was  the 
phenyl  urethane  of  decamethylene  chlorohydrin.  It  has  not  been  reported 
previously. 

Experimental  data  on  the  chlorohydrin  derivatives  is 
recorded  in  Table  XIII. 
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Table  I 


(see  Figure  I) 


MORPHOLINOALCOHQLS 


General  Formula: 


ch2-ch2 

< > 


(CH2)n-OH 


PHYSICAL  DATA 

Boiling  Point 

kelting 

Density 

_ Point 

Refractiwe 

n 

°C  (corr. ) 

mm.  pressure  C (corr.) 

Index 

Df 

4 

116.5-7*0 

5 

— 

1.018 

5 

133*0-3*5 

5 

— 

24 

Np  1*4755 

1.005 

6 

146.0-7*0 

5 

— 

K*5  1.4750 

0.9884 

f 

155*5-8.0 

5 

mmm 

1*4747 

0*9783 

8 

164.0-4.2 

5 

— 

Nq*,51.4737 

0*9675 

9 

173*0-3 *5 

5 

31 

Np6,5i.4735b 

— 

10 

164.0-5.0 

2 

39*5-40.5 

N — — — 

— 

a — 

- Prepared  by  alkylation 

of  morpholine 

with  heptamethylene 

glycol  only. 

Taken  right  after  distillation  before  solidification. 
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Boiling  tpinT  C^urje.e. 


Ca.riooy\  A'totfns 

D 1 hlorpha  I inoal  i^a.nes  Nor  f>ho\i  ho  alcohols 

Pressure  S' mm. 
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Table  II 


MORPIIOLINOALCOHOLS 

General  Formula: 

n-OH 

ANALYTICAL  DATA 


CH2-GH2 

CH2«Orf2 


» 

Nolecular 

Weight 

Neutral 
Equivalent 
(K ethyl 
orange) 

Nolecular  Refractions 

Lorenz-  Sum  of  atomic 

Lorentz  eq.  refractions 

Analyses 

Calc. 

, *N 
Found 

4 

159-2 

159.3 

43.93 

44.05 

8.81 

8.92 

5 

173.2 

173.2 

48.50 

48.67 

8.09 

8.09 

6 

187.3 

184.9 

53.30 

53.29 

7.49 

7.34 

7 

201.3 

203.6 

57.80 

57.91 

6.96 

6.93 

8 

215.3 

214.7 

62.55 

62.52 

6.51 

6.37 

9 

229.3 

227.6 

— 

mmm 

6.11 

5.86 

10 

243.3 

243.5 

«M»e» 

— 

5.76 

5.66 

Neutral  equivalents  calculated  from:  - ---***  8aaP1*  * 1000 

fil.  acid  x Normality  of  acid 

O 

Nolecular  refractions  calculated  from:  S&S.P,l.y..  wt‘  x (Lorenx- 

density  n2+5 


Lorentz  equation) 


Atomic  refractions  taken  from  Oilman,  Organic  Chemistry.  Vol.  II,  p.  1739 
(John  Wiley,  1938) 
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Table  III 


ARYL  URETHANES  OF 
MORPHOLINO ALCOHOLS 


General  Formula: 


Where 

R is  either  phenyl: 

^ y or  * 

-naphthyl: 

3 

n 

R 

Melting 

Point 

°C  (corr.) 

Analyses!  )£n 
Calc.  Found 

4 

Phenyl 

86.0-87.0 

10.07 

9.80 

5 

Phenyl 

55.5-5 7.0 

9.58 

9.32 

6 

o( -Naphthyl 

71.0-72.0 

7.86 

7.53 

7 

Phenyl 

71.0-72.0 

8.74 

8.56 

8 

o<f  -Naphthyl 

73.0-74.0 

7.29 

6.96 

9 

c<  -Naphthyl 

54.0-56.0 

7.03 

6.83 

10 

o(  -Naphthyl 

66.5-67.5 

6.79 

6.75 

All 

urethanes  were  recrystallized  from  ligroin  (3.  P. 

70-1000). 
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MO HP HOLINO ALCOHOLS  BY  ALKYLATION 
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Table  V 


(see  Figure  I) 


-DEiORPHOLINOALKANES 
General  Formula: 

/OHo-GHo^  GH2-CH~ 

3\  >»-(®s),-<  /» 

XGH2-GH2  XGH2“CH2 


n 

PHYSICAL  DATA 
Boiling  Point  Melting 

o o Point 

C (corr.)  mm.  pressure  C (corr.) 

Refractive 

Index 

Density 

»r 

4 

14? .5-8.5 

5 

51.5-52.5 

1.4825 

— 

5 

161.0-2.0 

5 

liquid 

M**  1.4804 

0.9980 

6 

169-5-171 

5 

35.5-38.5 

1.4815 

7 

183.0-4.0 

5 

liquid 

Up6*7  1.4797 

0.9789 

8 

191.5-3.5 

5 

46.5-47.5* 

48 

9 

203.5-4.0 

5 

liquid 

N p4*7  1.4790 

0.9639 

10 

187.0-9.0 

2 

48. 0-49. 0* 
50.5-51.5 

a — Double  melting  point  after  recryatallisation  from  ethyl  alcoiol. 
Hot  as  sharp  as  10-  below. 

b — Double  melting  point,  after  several  recrystallisation  from  50% 

alcohol.  (Original  material  melted  45-49°).  After  the  first  melt- 
ing, definite  crystals  formed,  but  all  did  not  solidify  before 
remelting.  The  compound  had  been  dried  10  days  in  a vacuum 
desiccator  over  fused  KOH. 
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Tab la  VI 


01,03  -01*50  1PHG  UNO  AUUI** 


General  formula: 

> 

/CU2-CH2 

0^  /Mona)* 

N«2^ja2 

\ / 

GH2-0K2 

AUALtfIC.nL 

DATA 

& 

Molecular 

Weight 

Neutral 
Squ lenient 
(Methyl 
orange) 

Meleaul&r  JIb  fractions 

Lorenz-  3u»  of  atomic 

Lornta  oq.  refractions 

Analyses,  JtN 
Calc.  found 

4 

220.2 

114.7 

sneeze 

eeeee. 

12.28 

12.00 

5 

242.3 

121.3 

6f.  29 

69.10 

11.56 

11.32 

6 

256.3 

129.3 

eMMi 

ee^a. 

10.93 

10.76 

7 

270.4 

136.3 

73.46 

73.36 

10.37 

10.18 

3 

234.4 

141.6 

eee.ee 

dheeu* 

9.85 

9.72 

9 

293.5 

146.7 

37*62 

57.53 

9.39 

9.U 

10 

312.5 

152.5 

•SMS 



3.97 

3.87 

Neutral  equivalents  cumulated  from : - ».  **■■*  .,,.^2L1.mIIJL,.^299..  ...  ...  — . 

Ml.  acid  x Normality  of  acid 

Molecular  refractions  calculated  front  »?i,A?.u.i*-,af.  . * .>n..T L ( Lorens- 

density  n2^ 

Lorentz  aquation) 

Atomic  refractions  taken  fro.  Oilmen,  Organ*#  Shealstry.  Vol.  II,  p.  l?3f 
(John  Viley,  1936) 
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Table  VII 


(geo  Figure  III) 


N-PKENYL,I!  '-(<*)  -HTDJ©  XY..LKYL) 
PIP3IUUB3JES 


General  Formulas 


CK2-CH2 

^-(CNg^-OH 

CH2-CH2 


PHYSICAL  AND 

n 

Molecular 

Weight 

Neutral 
Squirt!  ent 
(methyl 
orange) 

4 

234.3 

236.0 

5 

248.4 

248.3 

6 

262.4 

262.7 

7 

276.4 

274.9 

8 

290.4 

294.4 

9 

304.5 

303.1 

10 

318.5 

317.1 

AKi.LYTI  GAL  DATA 


Melting 

Point 

Analyses 

» Jto 

°0  (corr.) 

Calc . 

Found 

59.0-60.0 

11.96 

11.81 

74.0-7 5.0 

11.28 

11.13 

65.5-67.0 

10.68 

10.52 

75.5-76.5 

10.14 

10.06 

57.0-58.5 

9-65 

9.43 

80.0-80.5 

9.20 

9.14 

67.O-68.O 

8.80 

8.74 

All  were  white,  crystalline  compounds. 

All  were  recryatallixed  first  from  5 0 % alcohol,  dried  thoroughly,  and 
recrystalliied  again  from  ligroin  (B.  P.  70-100°)  until  pure. 
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Table  VIII 


(see  Figure  III) 


PHENYL  U.iETHANSS  OF 

i*fmn  , ' xt  alkyl) 

npSSASINSS 


General  Formula: 


- N 


/CH2.aH2v^ 


Nh 


r° 11 2 


£ 

Molecular 
1 eight 

belting  Point 

°C  (oorr. ) 

Analyses, 

Gale . Found 

4 

353.4 

91.0-92.2 

11.98 

11.64 

5 

367.4 

100.1-101.5 

11.44 

11.24 

6 

381.5 

91-5-93.0 

11.01 

10.91 

7 

395-5 

96.5-97.5 

10.63 

10.46 

8 

409.6 

99.5-100.5 

10.26 

10.09 

9 

423.6 

94.0-95.0 

9.92 

9.78 

10 

437.6 

95.0-96.0 

9.60 

9.45 

All  the  phenyl  urethanes  were  white  arystalline  compounds. 
They  were  best  prepared  by  dissolving  the  alcohol  in  hot  ligroin 
(B.  P.  70-100°),  adding  on  equimolecular  quantity  of  phenyl  isocyan- 
ate in  ligroin,  and  heating  a while.  The  solution  was  filtered  hot. 
The  urethane  crystallized  on  cooling.  Two  recrystallisations  there- 
after were  generally  sufficient. 
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F igitre  Ilf 


Aleftiny  Poih'ts 

" 0 ” Ul'e.fh&.rte.S  oj-  A'-  (CJ-hy<Jirox.(f  tx/Uyl)  f/pCir<xxifi€s 
(i»)- hy4voxy*lkyl ) J*ipera.zi  tie  $ 
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Table  IX 


DI-(n-BUTYL)  S8TKH3  OF  of  ptO -ACIDS 

General  Formula! 

C4H9OOC- (CH2 )n-C00C4H9 


Name  of 

Boiling  Point 

Pressure 

ja 

Acid 

of  Sster 

mm.  Hg. 

4 

succinic 

112.5 

2.0 

5 

glutaric 

134-5 

4.5 

129.5-30.5 

3.3 

6 

adipic 

117 

0.5 

154-6 

7.0 

7 

8 

piaelic 

177-8 
(corr. ) 

10.0 

suberic 

158-61 

3.5 

9 

azelaic 

173.5-5.5 

(corr.) 

3.5 

10 

sebac  io 

178.5-9.5 

3.0 
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Table  X 


61,60 -GLYCOLS 

General  Formula  i 
HO-(CH2)n-OH 


£ Boiling  Point 

♦ 120.5-2.0 

5 129.0-30 

6 135.0-6.0  (corr.) 

116.5 

7 128.0-9*0  (corr.) 

8 132.5-4.5  (corr.) 

9 143.0-3*5 

10  153*0-4.0 


Pres3uret  mm* 

10 

10 

8 

3 

3*5 

3*5 

3*5 

3 


This  data  was  determined  in  this  investigation. 


Melting 

Point 

liquid 

-14  to  -13 

40 

liquid 

58*5-60.5  (corn) 
45.5-46.5  (corr.) 
71-72.5  (corr.) 
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Table  XI 


(see  Table  XII  ana  Figure  II) 


ot/O  -CHL0R0HYDRINS,  THIS 

INVESTIGATION 

General  Formula: 

Cl-(CH2)n-0H 

n 

Boiling  Point 

Pressure,  mm. 

Re fr active 
Index 

Yield,  % 
(pure) 

4 

74-8 

10 

«2°  1.4517 

34.8 

5 

77-9  (corr.) 

5 

xff  1.4511 

33 

6 

102-3  (corr.) 

10 

nfj°  1.4555 

7 

115.5  (corr.) 

10 

n*6*^  1.4540 

57 

8 

127-128  (eorr. ) 

• ■ * 

10 

nj*4*3  1.4563 

65 

9 

140-140.5  (corr.) 

10 

U.  P.  28° 

62.556 

10 

132-3  (corr.) 

4 

nj°  1.4606 
0 
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Figure  H 


B.R  CJ~  C hloro  h y dir  in  s 10  mm. 


*0. 


Table  XII 


(•ee  Table  XI) 


o^OJ-  CHL0H0HYnr£IN3 , RKPORTSD  IN  LITSaATtR? 


General  Formula? 


Bolling 

Pressure, 

Cl-(CH2)n-0H 

Refractive 

& 

Point 

mm. 

Index 

Investigator 

4 

81-2 

14 

n£°  1.4518 

Starr  and  Hixon^ 

5a 

85-6 

16 

Kirner  and  Richter^ 
Bennett  end  Heathcoat^ 

6 

112 

17 

Bennett  and  Turner^® 

7 

120 

13-5 

n#  1.45367 

Altman ^9 

Bennett  and  Moses-^ 

150 

20 

8 

139 

125-40 

18.5 

18 

Altman 

Bennett  and  Moses^ 

9 

146.5 

14 

Altman-^ 

140-45 

20 

M.  P.  28 

Bennett  and  Moses-^ 

10 

164-5 

20 

*25  1.45796 
M.  P.  10-11 

Alberti  and  Smieciuszewski' 
Bennett  and  V.osea-^ 

a 

No  physical  data  reported 

. Urethanes  prepared. 
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Table  XIII 


ol,cO- SHLORO HYDRINS 
General  Formula: 

01-(3H2)n-0-R 

■*Jkz>  (phenyl  urethane) 


Where  R is: 


\ (o(- naphthyl  urethane) 

o 


n_ 

R 

M.  P.t  °0 
Found 

K.  P. , °C 

Literature 

4 

d-  naphthyl 

68.0-69.5 

6936  j 66 

5 

cK~  naphthyl 

71.0-72.0 

?237 

6 

mmm 

— 

— 

7 

phenyl 

— 

76-?39  j 

8 

phenyl 

76.5-77.0 

7739,35 

9 

phenyl 

70.0-70.5 

6?39,35 

10 

o(~  naphthyl 

63.0-64.0 

— 

phenyl 

— 

7235 

37 


,35 
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Summary 


Two  new  aeries  of  alpha,  omega-aminoalcohols  have  been 
synthesized.  Physical  and  analytical  data  of  these,  and  of  their 
phenyl  or  alpha-naphthyl  urethanes,  are  reported. 

The  N-phenyl,N*-(omega-hydroxyalkyl)  piperazine  series 

x /h2-ch2 

of  general  formula  S »li  ^N-(CH2)n-0H,  where  n is  4 

through  10,  has  been  prepared  from  N-phenylpiperazine  and  chlorohydrins 
of  the  formula  01-(CB2)n-0H. 

The  alpha,  omega-aorpholinoalcohol  series  of  general  for- 
/CH2-CH2 

mula  0v  ^N-(CH2)n-0H,  where  & is  4 through  10,  has  been  pre- 


pared by  two  methods: 

(1)  from  morpholine  and  alpha,  omega-chlorohydrins,  and 

(2)  by  the  catalyzed  alkylation  of  morpholine  by  alpha,  omega- 
glycols. 

7-Morpholinoheptanol-l  has  been  made  by  the  latter  method  only. 

A series  of  alpha,  omega-dimorpholinoalkanes,  of  gen- 
^Ha-OHo  iJHrcH. 

eral  formula  0 .H-tCHo)  -H.  where  n is  4 through 

CHj-CHg 


10,  has  been  obtained  as  the  other  product  of  the  catalyzed  reaction  of 
morpholine  and  glycols.  Yields  were  approximately  equal  to  the  yields  of 
aminoalcohols  obtained.  Physical  and  analytical  data  for  this  series 
are  also  reported. 
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From  the  glycols,  higher  over-all  yields  of  4-raorp ho lino- 
butanol-1  and  5-Borphollnopentanol-l  hare  been  obtained  by  direct  cata- 
lytic reaction  with  morpholine  than  through  the  intermediate  chlore- 
hydrin3,  but  with  higher  hooologs  the  rererse  is  true.  More  work 
should  be  done  upon  the  catalytic  alkylation  method,  but  indications 
are  that  the  maximum  yields  of  aainoaloohols  obtainable  by  this  method 
cannot  exceed  5 0 %*  For  alpha,  ooega-chlorohydrins  of  six-carbon  chains 
or  longer,  over-all  yields  of  55  to60j£  are  easily  obtainable.  The 
catalytic  alkylation  method  has  the  advantage  of  being  one  step 
shorter  than  the  chlorohydrin  method. 

Alpha,  omega-chlorohydrins  of  formula  wl-(CH2)n-0H, 
where  £ is  4 through  10,  have  been  satisfactorily  prepared  by  methods 
reported  in  the  literature.  In  several  instances,  purer  compounds 
than  hitherto  reported  have  been  obtained. 
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